Metalation of pyridines with nBuLi-Li-aminoalkoxide mixed aggregates: The origin of chemoselectivity.
The reactivity of alkyllithium-lithium-aminoalkoxide unimetallic superbases has been investigated. These systems are used for deprotonative lithiation of pyridine derivatives in apolar non-coordinating media with excellent regio- and chemoselectivity, in deep contrast with alkyllithium. With the aim of getting a better understanding of the chemistry behind these promising reagents, we have carried out a joint experimental and theoretical study of the metalation of 2-chloropyridine with combinations of nBuLi and (S)-(-)-N-methyl-2-pyrrolidinylmethoxide (LiPM). Nucleophilic addition or alpha-lithiation has been observed, depending on conditions (solvent, temperature, stoichiometry), while ortho-metalation was not detected. Theoretical calculations using Density Functional Theory (B3LYP/6-31G(d) method) have then been carried out in gas phase at 195 K to characterize the relevant chemical species (reactive aggregates, transition structures) and estimate free energies of activation and relative reaction rates. Solvent effects in hexane have been neglected according to previous calculations. The effect of coordinating solvents such as THF has been qualitatively discussed. A major achievement of the present work has been to demonstrate that chemoselectivity crucially depends on aggregate type: dimers systematically lead to nucleophilic addition, while tetramers lead to alpha-lithiation. Besides, the calculations predict dimers to be more reactive than tetramers, yet they are much less stable, so that the observed selectivity results from the combination of both properties. A simple procedure to evaluate the basicity of an organlithium compound has been proposed. It has allowed us to show that the nBuLi-LiPM tetramer has a significantly larger basicity than its corresponding dimer, which is not at all the case for nBuLi aggregates, thus explaining differences in selectivity. Solvent and temperature effects on nBuLi-LiPM reactivity have been analyzed. By increasing the temperature in hexane, or changing the solvent from hexane to THF, dimer concentration is expected to rise, and likewise the weight of nucleophilic addition rises, in agreement with the experimental findings.